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INTRODUCTION 

The decrease i n  the  w o r l d ' s  o i l  supply must be supplemented by a l t e r n a t e  
energy resources. One o f  these a l t e r n a t e  energy resources i s  o i l  shale. O i l  
sha le i s  composed o f  i n s o l u b l e  o rgan ic  m a t e r i a l  (kerogen), s o l u b l e  o rgan ic  
m a t e r i a l  (b i tumen) ,  and ino rgan ic  m ine ra l s .  Although o i l  sha le  con ta ins  no o i l ,  
t he  i n s o l u b l e  o rgan ic  kerogen can be conver ted to  o i l  by heat. 

Both aboveground and underground r e t o r t i n g  techniques (7, E, 12, 1 6 , ) l  1 
have been used t o  process o i l - s h a l e  kerogen. Some o f  these processes u t i l i z e  
so l ven t ,  hydrogen, and steam (2, a, 8, 3, 14); however; present  technology can 
be improved r e l a t i v e  t o  increased y i e l d s  o f  products  wi th  l ess  environmental 
impact (13). 
which o i l - s h a l e  kerogen i s  converted t o  gaseous and so lub le  products  i n  the  
presence o f  mo lecu la r  o r  r e a c t i v e  hydrogen formed d u r i n g  t h e  water s h i f t  reac- 
t i o n  shown below: 

The converted products  can be recovered a long  w i t h  wa te r -so lub le  minera ls .  The ' 
major advantage o f  t h i s  r e a c t i o n  i s  t h a t  more o f  t h e  i n s o l u b l e  kerogen i s  con- 
ve r ted  t o  gaseous and s o l u b l e  products  i n  t h e  presence o f  CO and H20 than i s  
converted by conven t iona l  methods a t  the same temperature. A lso removal of the 
wa te r -so lub le  m ine ra l s  would make t h e  sha le  res idue i n e r t  t o  water leaching on 
d isposal  and t h e  wa te r -so lub le  m ine ra l s  would be a v a i l a b l e  f o r  commercial use. 

I n  recen t  years t h e  CO-H20 r e a c t i o n  has been used t o  conver t  o rgan ic  
wastes t o  oil ( I ) ,  t o  hydrogenate coa l  (2, 4, IO), t o  l i q u i f y  coal  o r  l i g n i t e  (5, m: 
- 7, u) and t o  degrade o i l - s h a l e  kerogen -(UT. T i n c e  h i g h  y i e l d s  o f  so lub le  
products a r e  ob ta ined  f rom carbonaceous m a t e r i a l s  a t  low-temperatures, study of 
the CO-H20 r e a c t i o n  and i t s  a p p l i c a t i o n  to  o i l - s h a l e  kerogen convers ion t o  
s o l u b l e  products  i s  c o n t i n u i n g  a t  t h e  Laramie Energy Research Center. 

I' The CO-H20 r e a c t i o n  t o  be discussed in  t h i s  r e p o r t  i s  a method by 

co + H~O.-H~ + co2 

The present  paper descr ibes t h e  e f f e c t s  o f  seven v a r i a b l e s  on t h e  CO and 
water reac t i on .  The seven v a r i a b l e s  a r e  temperature, h e a t i n g  t ime, CO pressure 
charged, presence and absence o f  carbonates, shale p a r t i c l e  s i ze ,  shale grade, 
and water t o  s h a l e  r a t i o .  I n  a d d i t i o n ,  t h e  convers ion o f  kerogen i n  the 
presence o f  water on l y ,  t h e  composi t ion o f  some s o l u b l e  products  and the e f f e c t  
of t he  CO-H 0 r e a c t i o n  on some o i l - s h a l e  m ine ra l s  w i l l  be described. Other 
processes u a i l  i z e  steam o r  steam and r e c y c l e  gas but  none have d u p l i c a t e d  the 
cond i t i ons  o f  t h i s  study. For t h i s  reason o n l y  l i m i t e d  comparisons w i t h  other 
kerogen convers ion methods w i l l  be discussed. 

1' P I 

EXPERIMENTAL 

A l l  o f  t h e  o i l - s h a l e  samDles came f rom t h e  Piceance Creek Basin o f  the 
Green R ive r  Formation. Most o f  these samples f o r  t h i s  research were ground to  

1 Under l ined numbers i n  parentheses r e f e r  t o  items i n  t h e  l i s t  o f  references 
a t  t he  end o f  t h i s  r e p o r t .  
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pass through a minus 100 mesh screen. 
grades o f  o i l  shale on kerogen conversion, f o u r  grades namely 8, 18, 23, and 65 
ga l lons o f  o i l  per  ton  o f  sha le  were se lec ted  f o r  t h i s  i n v e s t i g a t i o n .  TO deter-  
mine the  e f f e c t  o f  sha le  p a r t i c l e  s i z e  on kerogen conversion, some l a r g e  pieces 
o f  65 g a l l o n  per  t o n  shale were crushed and screened t o  t h e  f o l l o w i n g  s i zes :  
0.01, 0.015, 0.029, 0.125, 0.25, and 0.50 inches. I n  a d d i t i o n ,  some 1-1/4" cube 
shale b locks were c u t  from a 35 g a l l o n  per ton  p iece o f  o i l  sha le  t o  determine 
i f  the kerogen i n  a b lock  o f  shale o f  t h i s  s i z e  could be conver ted by the  CO-H20 
reac t  ion. 

To determine t h e  e f f e c t  o f  d i f f e r e n t  

Some minus 100 mesh 65 g a l l o n  per  ton  o i l - s h a l e  sample was leached w i t h  IO 
percent  h y d r o c h l o r i c  a c i d  t o  remove t h e  n a t u r a l  carbonates. The sample was then 
washed f r e e  o f  a c i d  and d r i e d  under reduced pressure a t  60" C. Th i s  sample was 
used t o  s tudy t h e  e f f e c t  o f  t he  presence and absence o f  minera l  carbonates on 
kerogen convers ion i n  t h e  presence o f  CO-H20. 

An American Instrument Company' 1 - 1  i t e r  r e a c t i o n  vessel cons t ruc ted  o f  i n -  
conel - 600 metal and mounted i n  a rock ing  assembly was used f o r  a l l  r eac t i ons .  
The r e a c t i o n  vessel was e x t e r n a l l y  heated w i t h  e l e c t r i c a l  heaters  enclosed in  a 
metal j acke t .  The hea t ing  elements were c o n t r o l l e d  by a Love Con t ro l s  Corpora- 
t i o n  model 49 p r o p o r t i o n i n g  c o n t r o l l e r .  

P r i o r  t o  each t e s t  a weighted amount o f  o i l - s h a l e  sample and a se lec ted  
amount o f  water were p laced i n  the pressure vessel .  When sodium carbonate was 
used, i t  was added a t  t h i s  t ime. The pressure vessel was then sealed and charged 
t o  the se lected CO pressure. The o i l - s h a l e  samples were then heated i n  t h e  
presence o f  C O  and H20 a t  t h e  predetermined cond i t i ons .  On complet ion o f  each 
t e s t  t he  pressure vessel  was a l lowed t o  cool  t o  room temperature a f t e r  which a 
gas sample was taken f o r  mass spec t ra l  a n a l y s i s .  The r e a c t i o n  vessel  was opened 
and the  heated res idue  and water  were recovered. 

The heated o i l - s h a l e  res idue  was separated from the  water by f i l t r a t i o n .  
The water was e x t r a c t e d  i n  a separatory  funnel  w i t h  d i e t h y l  e the r .  The heated 
o i l - s h a l e  res idue  was a i r - d r i e d  a t  room temperature and then e x t r a c t e d  w i t h  a 
methyl alcohol-benzene m i x t u r e  ove rn igh t  t o  recover  t h e  so lub le  product  f rom the 
o i l - s h a l e  res idue.  The e the r -so lub le  product  and methyl alcohol-benzene so lub le  
products were combined t o  represent  t h e  t o t a l  so lub le  product .  

A l l  gas analyses were performed on a CEC 21-620 mass spectrometer capable 
o f  analyz ing low-molecular-weight p o l a r  and hydrocarbon m a t e r i a l s .  A l l  so lub le  
products, a l l  o i l - s h a l e  res idues and t h e  o r i g i n a l  o i l - s h a l e  sample were analyzed 
f o r  carbon, hydrogen, n i t rogen ,  and s u l f u r  by t h e  standard methods used a t  this 
Center f o r  o i l  shale and o i l - s h a l e  products. Minera l  carbonate contents  were 
determined f o r  t he  o i l - s h a l e  sample and a l l  heated residues. The o rgan ic  
carbon contents  o f  t h e  o i l - s h a l e  sample and t h e  heated res idues equa l l ed  the  
t o t a l  carbon con ten t  minus the  minera l  carbon content .  Kerogen convers ion was 
ca l cu la ted  from the amount o f  o rgan ic  carbon present i n  t h e  o i l - s h a l e  sample 
be fo re  and a f t e r  heat ing.  

2 Reference t o  s p e c i f i c  t rade  names o r  manufacturers does n o t  imply  endorsement 
by the  Energy Research and Development Admin i s t ra t i on .  
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RESULTS AND D I S C U S S I O N  

E f f e c t s  o f  Va r iab les  

Time and temperature s e r i e s  

The conversion of o i l - s h a l e  kerogen i n  t h e  presence o f  CO-H20 a t  tempera- 
tu res  from 300" t o  450" C f o r  hea t ing  t imes from 0.25 t o  6 hours was inves- 
t i ga ted .  The kerogen convers ions r e l a t i v e  t o  t ime  a r e  p l o t t e d  i n  f i g u r e  1 .  
Kerogen convers ion increases 3.7 t imes from about 26 t o  98 percent  w i t h  increased 
temperatures. Kerogen convers ion does not  increase c o n s i s t e n t l y  w i t h  increased 
hea t ing  t ime  and o n l y  a t  400" C does t h e  convers ion increase w i t h  increase i n  
heat ing t ime. Hea t ing  t ime  has a minor e f f e c t  on kerogen conversions a t  t h e  
heat ing t ime se lec ted  f o r  study. Kerogen convers ion r e s u l t s  ob ta ined  a t  350" C 
and 400" C by Hubbard and Robinson (fl) us ing  d r y  heat  and no hydrogen a t  atmos- 
p h e r i c  pressure a r e  inc luded f o r  comparison w i t h  t h e  CO-H20 r e a c t i o n  r e s u l t s .  
General ly, convers ions us ing  t h e  CO-H20 r e a c t i o n  a t  t h e  same temperature show 
l i t t l e  increase i n  convers ion w i t h  increase i n  hea t ing  t ime. I n  c o n t r a s t ,  da ta  
presented by Hubbard and Robinson (E) a t  350" and atmospheric pressure show a 
gradual increase i n  convers ion w i t h  increase i n  hea t ing  t i m e .  Also, kerogen 
conversions a t  350" and 400" C us ing t h e  CO-H20 r e a c t i o n  exceed t h e  convers ion 
obta ined by Hubbard and Robinson ( 1 1 )  by 200 and 125 percent  r e s p e c t i v e l y  w i t h  
98 percent o f  t h e  kerogen being converted t o  e i t h e r  a so lub le  o r  gaseous product  
a t  450" C.  

E f f e c t  of va ry ing  pressure o f  C O  charged 

The e f f e c t  o f  v a r y i n g  pressure o f  C O  charged on o i l - s h a l e  kerogen conversion 
w h i l e  being heated a t  375" C f o r  2 hour was i n v e s t i g a t e d  and t h e  r e s u l t s  appear 
i n  f i g u r e  2. The f i v e  charge pressures appear a t  t h e  bottom o f  t h e  f i g u r e  and 
approximate o p e r a t i n g  pressures appear a t  t h e  t o p  o f  t h e  f i g u r e .  O i l - s h a l e  
convers ion decreases from about 80 t o  60 percent  as t h e  CO charge pressure 
increases from 200 to  1000 p s i g  and t h e  opera t i ng  pressure increases from 3000 
t o  6000 ps ig .  These r e s u l t s  suggest t h a t  no b e n e f i t  i n  conversions r e s u l t s  from 
increas ing charged CO pressure above 200 p s i g  and an adverse e f f e c t  on conversion 
does r e s u l t  a t  h i g h e r  CO charged pressures. Some a d d i t i o n a l  t e s t s  a t  va ry ing  
pressures w i l l  be made i n  a bench s c a l e  reac to r  a t  a l a t e r  da te  t o  c o n f i r m  these 
r e s u l t s .  

E f f e c t  o f  va ry ing  m ine ra l  carbon content  

The e f f e c t  on o i l - s h a l e  kerogen convers ion o f  t h e  absence o f  n a t u r a l  o i l -  
sha le  carbonates and the  a d d i t i o n  o f  sodium carbonate t o  shale samples p r i o r  t o  
the  t e s t s  was i n v e s t i g a t e d  and t h e  r e s u l t s  appear i n  f i g u r e  3. Kerogen conver- 
s i o n  increased w i t h  increase temperature i n  t h e  presence o r  absence o f  carbona- 
tes .  Almost t h e  same amount o f  kerogen was converted i n  the  presence and 
absence o f  added sodium carbonate when raw shale was heated i n  the  presence o f  
CO-H20. 
carbonates were removed a t  each temperature except a t  375" C.  A d d i t i o n  o f  
sodium carbonate d i d  n o t  increase t h e  y i e l d  equal t o  t h a t  obta ined w i t h  t h e  
na tu ra l  carbonates present  i n  t h e  raw o i l  shale. 

A decrease i n  kerogen convers ion was obta ined when t h e  o i l - s h a l e  na tu ra l  

I n  genera l ,  the r e s u l t s  show t h a t  more kerogen i s  converted i n  t h e  presence 
of the  o i l - s h a l e  carbonates (raw o i l  shale over H C I  leached shale)  and t h a t  t h e  
a d d i t i o n  o f  sodium carbonate does n o t  b e n e f i t  kerogen convers ion d u r i n g  CO-H20 
reac t  ion. 
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Effect  o f  va ry ing  p a r t i c l e  s i z e  o f  o i l  sha le  

The e f f e c t  o f  o i l - s h a l e  p a r t i c l e  s i z e  on kerogen convers ion d u r i n g  the  CO- 
H20 r e a c t i o n  was s tud ied  and the  r e s u l t s  appear i n  f i g u r e  4. 
percent  o f  t h e  kerogen i s  conver ted when l e s s  than 0.1 i nch  sha le  p a r t i c l e  s i z e s  
a r e  reacted. Kerogen convers ion decreases t o  about 50 percent as t h e  p a r t i c l e  
s i z e  increases t o  .5 inches and increases t o  60 percent  as t h e  p a r t i c l e  s i z e  
increases t o  the  1.25 i nch  cubes. The cubes became p l i a b l e ,  s o f t ,  and even 
spongy as t h e  r e s u l t  o f  t h e  reac t i on .  Genera l ly  these r e s u l t s  show t h a t  t h e  C O -  
H20 process w i l l  be more use fu l  i n  conver t i ng  f i n e l y  ground o i l  shales t o  so lub le  
products; however, p a r t i c l e  s i zes  up t o  a t  l e a s t  1.25 inches can be s a t i s f a c t o r i l y  
converted. 

About 70 t o  80 

E f f e c t  o f  va ry ing  grade o f  o i l  shale 

The e f f e c t  o f  v a r y i n g  grade o f  o i l  shale on kerogen convers ion was s tud ied  
and the  r e s u l t s  appear i n  f i g u r e  5. O i l - s h a l e  kerogen convers ion,  increases 
from 50 t o  more than 70 percent  as the  grade o f  o i l  shale increases from less  
than IO t o  more than 60 g a l l o n  o f  o i l  per  ton  o f  shale. These r e s u l t s  suggest 
t h a t , a I I  grades o f  o i l  shale cou ld  be s a t i s f a c t o r i l y  converted, b u t  t h e  conver- 
s i o n  tends t o  increase w i t h  increase i n  t h e  r i chness  o f  t he  o i l  shale. Very 
r i c h  oi l  shales, which cause cons ide rab le  problems w i t h  some r e t o r t i n g  operat ions,  
would be conver ted very successfu l  w i t h  t h e  CO-H 0 reac t i on .  

E f f e c t  o f  v a r y i n g  amount o f  water 

2 

The e f f e c t  o f  t he  amount o f  water  on kerogen convers ion was inves t i ga ted .  
The amount o f  water was v a r i e d  from .25 t o  3 m i l l i l i t e r s  water p e r  gram o f  o i l  
shale. Kerogen conversions v a r i e d  some but  a t  350" C and water  t o  sha le  r a t i o s  
g rea te r  than 0.25 kerogen convers ion appears t o  be independent o f  t h e  amount o f  
H 0 present. These r e s u l t s  show t h a t  o n l y  small  amounts o f  water  a r e  needed t o  
conver t  kerogen us ing  t h e  CO-H 0 process as t h e  0.25 water t o  sha le  r a t i o  repre-  
sents  on l y  t h e  amount o f  water needed t o  wet t h e  o i l  shale. 

2 
2 

Conversion i n  Presence o f  Water Only 

Kerogen was conver ted i n  the  presence o f  water o n l y  t o  determine t h e  
amount o f  kerogen conver ted a t  temperatures from 350" t o  450" C f o r  hea t ing  
t imes from .25 t o  6 hours. The convers ion r e s u l t s  a re  compared w i t h  some o f  t h e  
r e s u l t s  obta ined i n  the  presence o f  CO-H20 and appear i n  t a b l e  I .  The o p e r a t i n g  

TABLE I .  - E f f e c t  o f  va ry ing  t h e  temperature and hea t ing  t ime  on o i l - s h a l e  
kerogen convers ion i n  the presence o f  CO-H,O and H,O on l y  

L 

Kerogen converted, w t  percent  

CO-H20 H2° 
Heat i ng Temperature Gas Soluble Gas Sol ub I e 

t i m e ,  h r s  O C  product  product product  product 

2.0 350 1 . 1  39.7 4.5 36.4 
6.0 350 0. I 39.0 6.5 46.4 
0.25 400 2.0 66.3 12.7 57.6 
1 .o 400 I .9 75.0 19.5 69.3 
I .o 450 18.7 79.2 63.4 22.7 
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pressures ranged from 2400 p s i g  t o  3600 p s i g  i n  the  presence o f  H 0 o n l y  and 
from 4800 p s i g  t o  6000 p s i g  i n  t h e  presence o f  CO-H 0. About 3 t o  9 t imes more 
gas i s  formed when wa te r  a lone  was used over  t h a t  ogta ined w i t h  water  and carbon 
monoxide. Some carbon res idue  was ev iden t  i n  t h e  sample heated a t  t h e  h ighes t  
temperatures when wa te r  a lone  was used. 

R e l a t i v e  t o  r e s u l t s  ob ta ined  us ing  C O  and H 0 more kerogen i s  conver ted t o  
t h e  so lub le  product  a t  t he  lower temperatures an8 l e s s  kerogen i s  conver ted t o  
so lub le  products  a t  t h e  h ighe r  temperatures i n  t h e  presence o f  H 0 alone. Con- 
verse ly ,  s i g n i f i c a n t l y  g rea te r  amounts o f  gaseous products  a r e  produced i n  t h e  
presence of H20 on ly .  
i n  the presence o f  wa te r  o n l y  c o n s i s t s  o f  about 29 percent  sa tu ra te  and IO 
percent  unsa tu ra te  C l  t o  C6 hydrocarbons and i n  the  presence o f  CO-H20 cons is t s  
o f  about I9 percent  methane. Hydrogen con ten t  o f  t h e  gas from the  t e s t  us ing  
water  o n l y  was 29 percent  and t h e  gas from CO-H20 t e s t  was 44 percent .  These 
r e s u l t s  show t h a t  3 t o  9 t imes more kerogen i s  conver ted t o  gas i n  t h e  presence 
o f  water o n l y  than in the  presence o f  water and carbon monoxide. 

2 

2 

The composi t ion o f  t h e  r e s i d u a l  gases generated a t  450" C 

Composition o f  So lub le  Products 

The average atomic r a t i o s  c a l c u l a t e d  from t h e  elemental a n a l y s i s  o f  t h e  
so lub le  products  appear i n  f i g u r e  7. In  a l l  cases t h e  atomic hydrogen-to- 
carbon r a t i o  (X IO) for the  s o l u b l e  e x t r a c t s  exceeded the  154 r a t i o  obta ined 
f o r  kerogen. A l l  o f  t h e  O / C ,  N/C, and S/C r a t i o s  a r e  l ess  than the  O / C  o f  
5.40, t h e  N/C o f  2.56, and t h e  S/C o f  0.47 r a t i o s  obta ined f o r  t h e  kerogen. 
Using S t a n f i e l d ' s  (Is) elemental analyses o f  composite F ischer  Assay o i l s ,  t he  
f o l l o w i n g  atomic r a t i o s  were c a l c u l a t e d  f o r  a rep resen ta t i ve  r e t o r t e d  sha le  
o i l :  H/C r a t i o  of 164, O/C o f  1=0, N/C o f  2.0, and S/C o f  0.3. Wi th  t h e  
except ion o f  oxygen amounts, t h e  so lub le  e x t r a c t s  from the  CO-H20 r e a c t i o n  
appear t o  have average composit ions s i m i l a r  t o  t h a t  of a rep resen ta t i ve  F ischer  
Assay o i l .  The presence o f  more oxygen i n  t h e  e x t r a c t s  i nd i ca tes  a l e s s  severe 
thermal h i s t o r y  than t h e  usual r e t o r t e d  o i l .  

Genera l ly  t h e  r e s u l t s  show t h a t  some hydrogen i s  probably added to  the  
so lub le  products  d u r i n g  the CO-H 0 process. A lso t h e  elemental composi t ion o f  
t h e  so lub le  products  i s  s i m i l a r  $0 t h e  elemental composit ion o f  t he  F ischer  
Assay o i l s  except  t h e  oxygen content  which i s  3 t o  5 times more. 
oxygen content  (14) occurs because t h e  s o l u b l e  products  a re  formed 50" t o  200' C 
below t h e  normal 500" C r e t o r t i n g  temperature a t  which F ischer  Assay o i l  i s  
formed. These oxygen va lues (17) do no t  exceed the  amount o f  oxygen present  i n  
t h e  kerogen. 
and r e f i n i n g  opera t i ons .  

Th is  h igher  

The s o l u b l e  products  should be s u i t a b l e  feedstock f o r  hydrocracking 

Dur ing t h e  CO-H 0 r e a c t i o n  numerous changes occur t o  the o i l - s h a l e  min- 
If s u f f i c i e n g  water i s  present  t h e  wa te r -so lub le  minera ls ,  which a r e  e r a l s .  

mainly a l k a l i  carbonates, a r e  s o l u b i l i z e d .  
o f  the quar t z  m i n e r a l s  a re  a l t e r e d  and i f  dawsonite (an aluminum c o n t a i n i n g  
m ine ra l )  i s  present  i t  i s  conver ted t o  another  m ine ra l  form. The removal o f  the 
r e a d i l y  wa te r -so lub le  m ine ra l s  cou ld  prove t o  be an environmental advantage 
because these m a t e r i a l s  may contaminate su r face  and ground waters when s to red  
w i t h  t h e  remainder o f  t h e  o i l - s h a l e  res idue  as i s  commonly done w i t h  o t h e r  
conversion processes. 

I n  a d d i t i o n ,  t he  c r y s t a l l i n e  forms 

E f f e c t  on  Minera l  Composit ions 

A dawson i t i c  o i l  shale and the dawson i t i c  sha le  res idue heated a t  400" C i n  
The peak i n t e n s i t i e s  o f  f i v e  m ine ra l s  the  presence o f  CO-H 0 were X-rayed. 2 
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(dolomite, f e ldspar ,  quar tz ,  analcime, and dawsonite be fo re  and a f t e r  hea t ing  a t  
400' C i n  the  presence o f  C O - H 2 0 )  a r e  p l o t t e d  i n  f i g u r e  8. 
(dolomite, qua r t z ,  and dawsonite) present  i n  t h e  o r i g i n a l  o i l - s h a l e  sample a r e  
no t  detected i n  t h e  sha le  res idue  a f t e r  hea t ing  a t  400" C. 
do lomi te decomposes i n t o  ca lc ium and magnesium carbonate w i t h  t h e  fo rma t ion  of 
c a l c i t e .  The dawsonite probably  reac ts  t o  form analcime and carbon d i o x i d e  i n  
the  presence of CO-HZO a t  400" C. 
upon being heated a t  400" C and i s  conver ted t o  an amorphous form n o t  de tec tab le  
by X-ray. 
400" C. 
more i n s o l u b l e  form du r ing  t h e  C O - H 2 0  reac t i on .  
commercial use, i t  would be necessary t o  degrade t h e  dawsonite t o  a s o l u b l e  form 
p r i o r  t o  the  CO-H 0 r e a c t i o n  o r  dev i se  a technique which would prevent  t h e  
format ion of analc ime du r ing  t h e  reac t i on .  An environmental advantage i s  gained 
w i t h  the removal o f  t h e  wa te r -so lub le  m ine ra l s  because t h e  o i l - s h a l e  res idue  
would become e s s e n t i a l l y  i n e r t  t o  leaching of t he  s a l t s  by atmospheric o r  ground 
water mois ture.  However, more research needs t o  be done i n  t h i s  area. 

Three m ine ra l s  

Apparent ly  t h e  

A l l  t h e  quar t z  loses i t s  c r y s t a l l i n e  s t r u c t u r e  

Feldspar appears t o  be f a i r l y  s t a b l e  i n  t h e  presence o f  CO-HZO a t  
U n f o r t u n a t e l y  t h e  aluminum present  i n  dawsonite i s  conver ted t o  a 

To rermve t h e  aluminum f o r  

2 

SUMMARY 

Using t h e  CO-HzO r e a c t i o n  m r e  kerogen i s  converted t o  s o l u b l e  products  and 
and gas a t  lower temperatures than i s  obta ined by d r y  r e t o r t i n g  a t  near atmospheric 
pressure. 

Pressure does n o t  appear t o  be a s i g n i f i c a n t  v a r i a b l e  f o r  kerogen convers ion 
i n  t h e  CO-HzO r e a c t i o n  

Natura l  carbonates present  i n  t h e  o i l  shale a r e  adequate t o  promote kerogen 
conversions and a d d i t i o n a l  sodium carbonate does n o t  increase kerogen conversion. 

extremely r i d  o i l  shales, m a t e r i a l s  t h a t  c rea te  d i f f i c u l t i e s  f o r  some o i l - s h a l e  
convers ion processes. 

The CO-H 0 r e a c t i o n  i s  s u i t a b l e  f o r  use w i t h  e i t h e r  f i n e l y  ground o r  

Only smal l  amounts o f  water a r e  needed t o  conver t  o i l - s h a l e  kerogen t o  a 
s o l u b l e  product  d u r i n g  t h e  CO-H20  reac t i on .  

More kerogen i s  conver ted t o  gaseous products  i n  t h e  presence o f  water 
a lone  than in  t h e  presence o f  bo th  carbon monoxide and water. 

Solub le products  formed i n  t h e  presence o f  carbon monoxide and water 
should be s a t i s f a c t o r y  m a t e r i a l s  f o r  r e f i n i n g  t o  needed energy f u e l s .  

Some o f  t h e  o i l - s h a l e  m ine ra l s  undergo major changes d u r i n g  t h e  C O - H 2 0  
r e a c t i o n  for example dawsonite be ing  converted t o  analcime. 
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